There are increasing concerns regarding the adverse environmental impacts of chloride from road salts. A web-based survey was conducted to determine how the Code of Practice for the environmental management of road salts has influenced the adoption of best practices in Ontario, Canada. The majority of large Ontario municipalities have salt management plans that adequately address safety and the environment. Most municipalities train a high percentage of permanent staff but only half of seasonal workers and 21% of private contractors are trained. Most training programs cover key learning goals defined by the Code of Practice. There is little improvement in the management of salt-vulnerable areas. Many existing snow disposal sites are poorly designed and do not manage snowmelt quality. The Code has strongly contributed to the adoption and improvement of salt management practices in Ontario by helping to standardize practices and advance the rate of implementation of best practices. Barriers to further implementation of the Code include understanding the Code, institutional will, liability, limited technical/financial resources and public expectation of high service levels. Further benefits can be achieved by aggressively promoting the Code and improving education and training programs for the public, private contractors and staff of road authorities. M. Stone
INTRODUCTION
The necessity to keep highways safe and fully operational in cold regions has led to the development of advanced winter road maintenance plans, which include applications of chemical deicers (mainly road salt, sodium chloride) and traction agents (sand and grit). The release of road salts to the environment has been estimated at 18 million tonnes/year in the USA (Corsi et al. ) and 5 million tonnes/year in Canada (Environment Canada and Health Canada ) . In addition to annual use, temporal trends in road salt use are also of interest and indicate a continuing growth, driven by increasing population. Historically, increases in salt applications contributed to environmental effects of deicing salts and the first reports of these effects were reported in the 1970s (Field et (Environment Canada and Health Canada ). The assessment concluded that, under the road management practices prevalent at that time, significant discharges of chloride from road salt were having adverse impacts on freshwater ecosystems, groundwater quality, drinking water supplies, soil, vegetation, wildlife and urban infrastructure in many regions of Canada. Furthermore, road salt impacts in urban areas were reported to be exacerbated by modern stormwater management or low impact development (LID) practices, including infiltration of chloride-laden runoff, use of storage in ponds, constructed wetlands, and oil and grit separators (Marsalek ) .
ations, improved roadway safety and reduced costs) will benefit. While it is assumed that the best salt management practices are being applied and will result in environmental benefits, there is little information regarding the extent to which best practices designed for salt application, salt storage and snow disposal have been adopted and applied across the province of Ontario. Given this information need and its relevance to evaluate and optimize the environmental management of road salt, the objectives of this study are to:
(1) determine the extent to which best practices as stated in 
METHODS

An online survey administered through the Ontario Good
Road Association (OGRA) was developed to examine the extent to which specific best practices focusing on road salt management (TAC 1, 2, 7 and 8) have been systematically adopted and applied in Ontario since 2004 when the Code of Practice for the Environmental Management of Road Salts was released. Part of the survey was designed to identify barriers that prevent full implementation of best practices by road authorities. The survey was sent to 432 Ontario public works authorities that included 40 cities, 6 regional municipalities, 25 counties, 85 towns, 1 district and over 260 townships/ villages and municipalities. Complete details of the survey are presented in a report entitled 'Assessing the efficacy of current road salt management programs' (Stone et al. ) . The survey response rate was 16.3% (70/432) and reflects opinions from a range of officials including regional municipalities (20%), cities (19%), counties (13%), townships (19%) and towns (29%). The survey results are not normalized and hence give more weight to responses that reflect the opinions and concerns of larger municipalities that manage a significant proportion of road salt application in Ontario.
RESULTS AND DISCUSSION
Code of Practice
The Code of Practice identifies several critical elements that should be addressed and included in a salt management plan (SMP). Respondents were asked to rate their plans with respect to the level of attention given to each of the nine underlying principles in the Code. Responses indicating a high level of attention given to the individual principles in SMPs are listed in Table 1 . Four primary principles (safety, environmental protection, accountability and knowledge and skilled workforce) are considered to provide an adequate level of detail for analysis and decision-making.
However, three secondary principles contributing to the sustainability and improvement of efforts (continual improvement, measurable progress and communications) were identified as requiring more attention. These principles are critical to ensure that SMPs remain current and are properly executed and sustained. Regular systematic reviews are required to implement these principles in SMPs. SMPs to be produced in Ontario and that many municipalities were proactive by developing plans before they were required. However, 5 years after the Code was published, several road authorities had not adopted nor implemented a SMP. The survey does not specify whether some authorities decided not to have a plan or whether they lacked the capacity to do so. When asked whether SMPs are being or will be reviewed, 43% of the respondents had not reviewed their plans but the remaining 57% had done so at least once or more than once. The majority of respondents reviewed their SMPs in 2007-2008 and over 90% indicated they intend to review their plans in the future. Good progress is being made regarding the introduction of best practices such as the application of granular road salts but respondents indicate more progress is needed regarding advanced technologies, including pre-wetting (depends on accurate and timely weather forecasts), adjusting practices for SVAs, and applying management rigor to ensure that the intent of the plan is being achieved and that practices are continually being improved.
Salt management plans (SMPs)
SMPcontents
SMP awareness
Many road authorities employ seasonal contractors and staff and it is important to ascertain whether seasonal workers are familiar with SMPs. About 55% of respondents hired contractors and seasonal staff but approximately 30% of • Understanding dew point and the conditions that lead to frost and black ice formation (69%).
• Understanding the concept of freeze point depressant (58%).
• Understanding the use of liquid deicers (69%) which is particularly important for organizations using liquids.
Accordingly, not training in this area likely impedes further usage of liquid deicers, which may be particularly important for applying pre-wetting.
• Managing snow disposal facilities (58%). It is not surprising that this percentage is low because few road authorities have properly designed snow disposal sites and any training related to these sites would most likely be directed towards staff that manages these sites.
However, 30 respondents indicated that they have engineered snow disposal sites and only 15 indicated they train in this area.
• Two-thirds (66%) of respondents indicated that they make snow and ice control decisions based on pavement temperature. Approximately the same percentage (62-65%) indicated that they include information about pavement temperatures in training. It is important for winter maintenance staff to understand the importance of pavement temperatures when making snow and ice control decisions.
Only three learning goals were poorly addressed in less than 50% of respondents' training programs. They are:
• Understand the phase diagram (42%). Although this concept may be difficult to explain to a non-specialist audience, it is important to understand the science of salt use and should be considered an essential part of training.
• Understand how to measure brine concentration (31%), but 80% of agencies making brine teach how to measure brine concentration.
• Understanding how to read and interpret RWIS data 
Snow storage and disposal
Among the 49 survey respondents, 30 (61%) reported they operate an engineered snow storage and disposal facility.
One respondent operating a recently developed snow disposal facility indicated an environmental assessment of the facility was not conducted during the planning process, nor was the TAC SOBP for snow storage and disposal followed because they were not aware that it existed. Hence to mitigate further risk of such impacts, snow storage sites should be properly designed and equipped with a snowmelt/runoff treatment train and considerations should be given to where the treated flow is discharged.
Salt-vulnerable areas
The Code of Practice applies to 'organizations that have vulnerable areas in their territory that could be potentially impacted 
Institutional will
Respondents reported that it can be difficult to convince staff that there are alternative winter maintenance practice solutions and that winter road maintenance procedures must be chosen according to the existing conditions. There appears to be some resistance to changing old practices/ habits. Before the Code was introduced, there was no incen- and decision-makers.
Public expectations for level of service
Expectations of the public to receive the best level of service regardless of the snow event severity and the demand to apply chemical deicers are challenges to fully implementing the Code. In some cases, the implementation of progressive salt management practices resulted in scaling back traditional levels of service which undoubtedly has been extremely difficult for both staff and the public to accept.
Need for continuous training/education
The Code promotes the use of a variety of winter road maintenance measures to respond to a range of anticipated weather conditions. These measures are continually chan- The objective of the review is to determine the extent to which the Code has prevented and reduced the environmental impacts of road salts in Canada. The report will provide guidance to identify and implement future actions, if any, that will be needed to achieve environmental protection objectives.
